Introduction
Selective reduction of a, p-unsaturated car bonyl compounds to the corresponding saturated ones is one of the most important organic reactions'' 2', and a number of new hydride reducing reagents have been investigated re Gently.
In the course of our study using sodium hydrogen telluride (NaTeH, 1), we found that (1) is also an efficient reducing agent of carbon•carbon double bond of a-enone moiety with high stereo-and regioselectivitys'.
In this note, the application of this reaction to the selective reduction of some components of essential oil is described.
Experimental
IR spectra were recorded on a Hitachi 260-10 Infrared Spectrophotometer. NMR spectra were measured on a Hitachi R-600 FT-NMR Spectrometer. MS spectra were measured on a RM-50 Hitachi GC-MS, GLC was carried out on a Yanagimoto G-180 Model equipped with a glass column packed with PEG 20 M (10°0) on Chromosorb and a Yanagimoto G-8 Model equipped with a stainless column packed with silicone gum SE-30 (10%) on Chromosorb. Optical rotations were measured on a Union High Sensibility Specific Rotary Meter PM-71. All reactions were carried out under argon atmosphere.
Materials
Ethanol was distilled and stored over 3 A molecular sieves. Tellurium powder and so= dium borohydride were purchased form the Nakarai Chemicals as extra-pure grade and used without further purification.
The fol lowing organic compounds, cinnamaldehyde, coumarin, (-) -carvone, a-ionone,3-ionone, citral, and isophorone were commercial pro ducts of the highest available purity. Some components of essential oils, pulegone, verbe none, dihydrojasmone, and cis-jasmone were donated from Ogawa & Co., Ltd.
2.2 Typical reaction method. Reduction of (-)-carvone Finely divided tellurium powder (0.65 g, 5 mmol) and NaBH4 (0.45 g, 11 mmol) were placed in a two-necked flask containing a Teflon-covered stirring bar. The system was then evacuated and filled with argon. Dry ethanol (25 ml) was injected by means of a syringe, and the suspension was heated at 45 °C until a purple solution was formed . The evolution of hydrogen occurred in this period. This solution was cooled to -20°C, and then 1 mL of acetic acid in 4 mL of ethanol was injected.
To a solution of NaTeH (1) prepared in situ as above, an ethanol solution (2 mL) of (-)-carvone (2 mmol) was added, and the reaction mixture was stirred at room temperav ture for 4~5 h. Then the mixture was filtered through Celite and the filtrate was concentrated. The residual liquid was almost pure (+)-dihydrocarvone (examined by GL C). The product was purified by distillation and identified by comparison of IR, NMR, and mass spectra with those of an authentic sample. Bp 102103°C/11 Torr; IR (cm-1) : 2900, 1710, 1450, 890; MS(m/e): 152(M+); NMR(CDC13) (o) : 0.95 (3 H, d, CH-CH3), 1.69 (3 H, s, C=C-CH3), 1.1-2.6 (7 H, m), 4.65 (2 H, s, =CH2). The other compounds were also idenc tified by comparison of IR, NMR, and MS spectra and retention times of GLC with those of authentic samples.
Results and Discussion
(--)-Carvone reacted with (1) in ethanol at room temperature for 4~5 h under argon atmosphere to give (+ )-dihydrocarvone in almost quantitative yield. In this reac= tion, carbon-carbon double bond of a-enone moiety was reduced ex clusively, but the carbonyl group and the isolated carbon-carbon double bond (isopropenyl group) remained unchanged.
This shows that (1) is an efficient and regioselective reluctant of a, 13-unsaturated carbonyl compounds to the saz turated ones. Even jS-ionone, which is a, ~-and y, o-unsaturated one, also gave the corgi= responding product selectively.
The other results are summarized in Table- 1.
As shown in Table- 1, this reaction is applic cable to a wide variety of a, n-unsaturated carbonyl compounds including,, ketones, aides hydes, and lactones.
The reaction of (--)-carvone with (1) gave (+ )-dihydrocarvone exclusively. Formation of the corresponding diastereomer, isodihydrocarc vone, was not observed, showing that this reaction proceeded stereoselectively. The mechanism of the reaction was assumed as follows (Scheme-1). First, HTe-attacks the n-carbon from the sterically less hindered side to give (2).
Then, hydrogen transfers from tellurium to the a-carbon to form (3) , and the elimination of tellurium and the introduction of proton take place finally.
As mentioned above, (1) was found to be a regioselective and stereoselective reducing agent of a, a carbon-carbon double bond cone jugated with carbonyl group of ketones, alder hydes, or lactones. But among the compounds examined, isophorone, and jasmones were not Table-1 The reduction of components of essential oil using sodium hydrogen telluride.
a) Yields by GLC. Yields in parentheses are the isolated ones. b) Starting material was recovered.
Scheme-1 reduced, Therefore, further investigation on the limitation of this reduction is necessary.
